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A
lterations of sensorial and cog-
nitive performance appear with
aging and affect quality of life.
This is becoming an important
societal and public health issue in our ag-
ing populations. The increasing number of
elderly people in our society with their
associated pathologies creates a need for
better understanding of how the aged
brain is different from the young brain.
Surprisingly, very little is known about the
cellular correlates of normal aging in the
brain. Insights into structural alterations
are essential to understanding the func-
tional and cognitive changes associated
with aging. In PNAS, Richard et al. (1),
using the olfactory bulb (OB) as a simpli-
ﬁed cortical model, show the overall sta-
bility of the structure and indicate that
there is no neurodegeneration with aging.
Interestingly, the results reveal ﬁne syn-
aptic alterations that affect selected cel-
lular compartments, thereby opening
perspectives for understanding the mech-
anisms of aging at the level of the cortical
subcircuits. These data refute the view of
aging as nonspeciﬁc homogeneous and
regressive events and promote the view
that more subtle alterations of brain cir-
cuitry could account for age-related func-
tional changes.
The OB is an appropriate model for
studying the effect of aging for several rea-
sons. First, this sensory cortex has a well-
known synaptic organization (2, 3). Second,
olfaction is altered in normal (4–9) and
pathological aging (10, 11), leading to food
intake impairment, reduced quality of life,
and altered health in the elderly. In addi-
tion, given the functional importance of ol-
faction in rodents and the similarities be-
tween the organization of the human and
rodent olfactory systems, the mouse OB is
relevant for studying aging in the brain.
Overall Stability of the OB
A key ﬁnding of this study is that the an-
atomical features of the OB from its lam-
inar organization to its cell numbers are
strikingly stable in C57Bl6J mice. Indeed,
using classical stereological methods as-
sociated with speciﬁc immunohistological
staining of cell subpopulations, the authors
ﬁnd that the total volume of both the
OB and its individual layers and the num-
ber of interneurons (granule and peri-
glomerular cells) and relay cells (mitral
cells) do not change across life. This ﬁnd-
ing is interesting with regard to the per-
manent supply of neurons, thanks to the
process of adult neurogenesis targeting
both olfactory sensory neurons projecting
from the olfactory epithelium to the OB
and bulbar interneurons. Indeed, neuro-
genesis is known to dramatically decrease
with aging (4, 12), and furthermore, ab-
lation of bulbar neurogenesis has been
shown to induce a reduction in the granule
cell volume of the adult OB (13). One
could thus expect that the volume of the
OB and number of interneurons would
decrease with aging. The structural stabil-
ity of the OB shown by Richard et al. (1) is
important in that it indicates that strong
Richard et al. ﬁnd that
speciﬁc subsets of
synapses are affected
by aging.
compensatory mechanisms are at play
during aging to maintain the integrity of
the OB. These mechanisms will have to be
assessed, but likely include a reduction in
cell death within the renewed neuronal
populations to compensate for the lower
rate of formation of newborn neurons.
This is a particularly interesting aspect,
because it would show the ability of the
aged brain to implement positive regula-
tion to adjust for age-dependent alteration
in neurogenesis. The aged brain would
thus not only be degrading but also de-
veloping strategies to counteract aging.
However, this view should be tempered.
Indeed, despite these compensatory mech-
anisms, it is clear that the aged OB, even if
it contains the same number of neurons,
contains less newborn neurons. Because
newborn neurons express facilitated syn-
aptic plasticity (14), it is likely that the
aged bulb would be less responsive to
plasticity challenges, possibly accounting
for deﬁcits in perception.
A fundamental feature of the functional
organization of the olfactory system is
the convergent projections of sensory neu-
rons expressing the same odor receptor
to a few speciﬁc glomeruli at constant
locations in the OB (15). This anatomo-
functional organization is of primary im-
portance, because it allows the construc-
tion of a spatial map of the activity in
response to a given odorant at the en-
trance of the OB and distributes the ol-
factory inputs to the speciﬁc subpopula-
tions of mitral cells required for proper
encoding of the odor. Because of the
permanent renewal of olfactory sensory
neurons, this organization is constructed
during the development stage and needs to
be permanently rebuilt. The study by Ri-
chard et al. (1) addresses the question of
the maintenance of these axon-guidance
mechanisms in the aged OB. They use
transgenic mice expressing GFP protein
under the control of the M72 olfactory re-
ceptor promoter to allow visualization of
the axonal tracks from the epithelium to the
OB. They ﬁnd that the typical convergent
projections of the olfactory sensory neurons
expressing M72 onto their two speciﬁc
glomeruli in theOB are conserved up to the
age of 24 months. In addition to cellular
numbers, mechanisms of axonal guidance
are also conserved in the aged brain and
contribute to the structural stability of the
OB. The olfactory system is a unique niche
in which development-like guidance
mechanisms ignore aging.
Fine Synaptic Alterations
Despite the stability of the epithelio-
bulbar connections and the bulbar laminar
structure, a decline in olfactory function is
observed with aging. This highlights the
need for investigation at the synaptic level
into what could account for the perceptual
deﬁcit. Richard et al. ﬁnd that speciﬁc
subsets of synapses are affected by aging.
Indeed, whereas the number of synapses in
the granule cell layer is unaffected by ag-
ing, a decrease of the total synapse density
is reported in the glomerular layer. Al-
though equivalent ﬁndings are reported in
other cortices (16, 17), this study reports
layer-speciﬁc synaptic alterations in the
OB (1). This ﬁnding is interesting, because
it further points out the differential sus-
ceptibility to aging of two functional
compartments of the mitral cells (apical
versus lateral dendrites) that future ex-
periments will have to explain. Neuro-
modulatory systems (cholinergic and nor-
adrenergic, for instance) differentially
target glomerular and granule cell layers.
Their degeneration in brain diseases such
as Alzheimer’s or Parkinson’s is well
documented (18, 19); this is accompanied
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by olfactory deﬁcits (20), but little is
known about their status in normal aging.
In this context, exploring the normal ag-
ing of these systems could shed light on
the layer-speciﬁc loss of synapses. Syn-
aptic alterations are currently difﬁcult to
relate to impairments in particular olfac-
tory functions, such as detection, dis-
crimination, or memory, but will with-
out doubt guide interpretation of fu-
ture experiments.
In summary, the work of Richard et al.
(1) highlights the complex mechanisms
of cortical aging involving a determined
effort to maintain structural integrity, al-
though this does not prevent ﬁne synaptic
alterations. These data suggest that efforts
to better understand aging mechanisms
and develop future therapies should be
directed to (i) how the normal aged brain
is able to maintain its pool of neurons and
(ii) what molecular mechanisms are al-
tered in neurons that subsequently lead to
synaptic loss.
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